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Image processing apparatus. 

@) An image processing apparatus extracts 
white component from input R,G,B colour data, 
suppress the white component in accordance 
with a non-linear characteristic, generates 
R,G,B,W display data and drives a liquid crystal 
display panel, on which R,G,B,W filters are 
provided, in accordance with the R,G,B,W dis- 
play data, so as to display a full colour image. 
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BACKGROUND OF THE INVENTION 

This invention relates to an image processing apparatus which processes data for a colour Image so as 
to display the colour image by a display device, such as a liquid crystal display. 
5 Recently, liquid crystal displays have been used as display devices of personal computers, word proces- 
sors or televisions. 

The use of a bistable liquid crystal elenrtent has been proposed by Oark and Lagerwall (U.S. Patent 
4,367,924). Ferroelectric liquid crystal having Chiral smectic C phase (Sm C ♦) or H phase (Sm H •) is usually 
used as the bistable liquid crystal. This liquid crystal has bistable states in an electric field, including a first 
10 optically stable state (first orientation state) and a second optically stable state (second orientation state). Ac- 
cordingly, unlike an optical modulation element used in a TN (twist nematic) type liquid crystal, the liquid crystal 
is oriented In the first optically stable state for one electric field vector, and the liquid crystal is oriented in the 
second optically stable state for the other electric field vector. 

The liquid crystal of this type quickly responds to the applied electric field to assume one of the two stable 
IS states and maintains the state when the electric field is removed. 

However, the bistable liquid crystal element has only two states, so a liquid crystal display which consists 
of such bistable liquid crystal cells cannot display a halftone image or a full colour image. 

SUMI\/IARY OF THE INVENTION 

20 

The present invention has been made in the light of the above problems and its object is to provide an 
image processing apparatus and method which can display a colour image with rich colours. 

The present invention also provides an image processing apparatus and method which can display a full 
colour image by using a display device, of which each display element displays an image with at least two levels. 
25 The present invention also provides an image processing apparatus and nrtethod which can display a colour 
image having low brightness without the deterioration of the image quality. 

According to a first aspect of the present Invention, there Is provided an Image processing apparatus, com- 
prising extraction means for extracting white component data from colour data representing a colour image; 
generating means for generating colour display data on the basis of the colour data and the white component 
30 data, the colour display data including white display data; and display means for displaying a colour image in 
accordance with the colours display data, said display means displaying white pixels in accordance with the 
white display data. 

According to a second aspect of the present invention, there is provided an image processing apparatus 
comprising extracting means for extracting white component data from colour data representing a colour image; 
35 suppressing means for suppressing the white component data; generating means for generating colour display 
data on the basis of the colour data and the suppressed white component data; and display means for dis- 
playing a colour image in accordance with the colour display data. 

According to a third aspect of the present invention, there is provided an Image processing apparatus, com- 
prising: input means for inputting multi-level colour data representing a colour Image; pseud halftone process- 
40 ing means for performing on the multi-level colour data a pseud halftone process to express a halftone image 
by controfiing the rate of pixels In a unit area, and display means for displaying a colour image in accordance 
with the colour data subjected to the pseud halftone process. 

According to a fourth aspect of the present invention, there is provided an image processing apparatus, 
comprising: input means for inputting colour data representing a colour image; processing means for process- 
45 ing the colour data to produce colour display data; and display means for displaying a colour Image on the 
basis of the colour display data; characterised in that said display means displays the colour Image using a 
plurality of two level pixels, and that said processing means produces the colour display data which expresses 
halftone images using the plurality of two level pixels. 

According to further aspects of the present Invention, there are provided methods of image processing 
50 which are carried out by apparatus In accordance with the first, second, third and fourth aspects of the present 
invention. 

The aforesaid objectives and effects and other objectives and effects of the present invention are evident 
from the following examples of preferred embodiments in accordance with the invention. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of an image processing apparatus in accordance with an embodiment of the 
present invention; 
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Figure 2 Is a drawing to show a part of a liquid crystal display panel; 

Figure 3 is a table to show sixteen colours which can be displayed by a basic unit In accordance with an 
embodiment of the invention; 

Figure 4 is a drawing to show the process of extracting W data; 
5 Figure 5 is a block diagram of a pseud halftone processor; 

Figure 6 is a drawing to show an example of weight coefficients; 
Figure 7 is a block diagram of a display; 

Figure 8 is a drawing to show the operation of a ferroelectric liquid crystal; 
Figure 9 is a drawing to show the states of a ferroelectric liquid crystal; 
10 Figures 10A, B and C illustrate the process of generating R', G', B',W' data; 

Figure 11 is a block diagram of another image processing apparatus in accordance with a second embodi- 
ment of the present Inventton; and 

Figure 12 is a block diagram of another image processing apparatus In accordance with a further embodi- 
ment of the present invention. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 shows a block diagram of an image processing apparatus embodying the present invention. The 
image processing apparatus comprises a minimum value detector 11, subtracters 13-1 - 13-3, pseud halftone 
20 processors 14-1 - 14-4 and a display 15. Red (R), Green (G) and Blue (B) colour data representing a colour 
image are inputted from an external device, such as a host computer, pixel by pixel. 

The display 15 has a liquid crystal display panel which is composed of ferroelectric liquid crystal. On the 
liquid crystal display panel, 640 x 560 liquid crystal cells, each of which can assume two states, i.e. a trans- 
parent state and an opaque state, are arranged in a matrix basis. 
25 Figure 2 shows a part of the liquid crystal display panel 50. A basic unit 51 forms a pixel and consists of 
four liquid crystal cells, each state of which can be independently controlled. Namely, the four liquid crystal 
cells can transmit or shut off the light from the back of the liquid crystal display panel 50, respectively. 

Four colour filters, red (R), green (G), blue (B) and white (W) filters, are provided on the four liquid crystal 
cells in the basic unit 51. Therefore, the basic unit 51 can display sixteen colours shown in Figure 3 by con- 
30 trolling the states of the four liquid crystal cells, independently. 

In Figure 3, "1" represents a transparent state and "O" represents an opaque state. Thus, the liquid crystal 
display panel 50 Is provided with not only R,G,B filters but also W filters. Accordingly, it can display extra eight 
colours, such as light grey, light blue and so on, which cannot be displayed by using only R,G,B filters. 
On the liquid crystal display panel 50, twenty sets of basic unit 51 are arranged in one square millimetre. 
35 Acolour displayed by each of such a small basic unit 51 cannot be recognised by human visual characteristics. 
Therefore, a colour composed of mixtures of colours of neighbouring dozens of pixels (basic units) can be rec- 
ognised. 

Accordingly, if a pseud halftone process, which expresses a halftone image by controlling the rate of pixels 
to be displayed in a unit area, is performed on R,G,B colour data, a full colour image can be displayed by the 
40 liquid crystal display panel 50, of which each liquid crystal cell displays binary image and each basic unit dis- 
plays sixteen colours. 

The minimum value detector 11 detects a minimum value among the 8-bit R,G,B colour data supplied from 
a host computer via a data bus, pixel by pixel. The minimum value detected by the minimum value detector 11 
is treated as W data which represents a white component. 
45 The process of extracting the W data from the R,G,B colour data will be described with reference to Figure 
4. 

In Figure 4, when all the R,G,B colour data is 255 i.e. 8-bits, a white image is represented by the R,G,B 
colour data. Therefore, a minimum value among the R,G,B colour data Min (R,G,B) corresponds to a white 
component value. 

50 Accordingly, if the Min (R,G,B) is assumed as the W data, R',G',B' data, which are used for driving the 
liquid crystal display panel 50. can be formed by removing the W component from R,G,B components, respec^ 
tively, as expressed by equations (1). 
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W = Min (R,G,B) 
^ R' = R - W 

G' = G - W 
B' = B - W 

iO 

The subtractors 13-1 - 13-3 subtract the W data, which obtained by the minimum value detector 11, from 
the R,G,B colour data, respectively, so as to generate the R',G',B' data expressed in equations (1). 

The R',G',B' data are multi- value data, so they cannot be directly used for driving the liquid crystal display 
15 panel 50, of which liquid crystal cells assume two states. 

Therefore, the pseud halftone processors 14-1 - 14-4 perform the pseud halftone processes on the 
R'.G'.B'.W data, respectively, so as to convert them into binary driving data, i.e. R",G",B",W" data which cor- 
respond to the liquid crystal cells provided with the R,G,B,W filters. 

The pseud halftone processors 14-1 - 14-3 may perform the pseud halftone process, which expresses a 
20 halftone image by controlling the rate of pixels to be displayed In a unit area, in accordance with an error dif- 
fusion method, an ordered dither process and so on. Details of such methods are disclosed in U.S. Patent 
4,958,218 and IEEE Transactions on Communications. Vol. Com-29, No.12, December 1981, pages 1898- 
1925 which are incorporated herein by reference. 

Figure 5 Is a block diagram of the pseud halftone processor 14-1 . In Figure 5, the R' data is processed in 
25 accordance with the error diffusion method and the R' data is assumed as image data Xij. 

In the error diffusion method, image data Xij is added by an adder 81 to a value which is obtained by mul- 
tiplying a weight coefficient a ij designated by a weighting circuit 82 to an error eij (the difference between 
correction data X'iJ which has previously been generated and output data Yij) stored in an error buffer memory 
83. The adding process can be expressed by the following equation: 

30 

X'ij = Xij + (goCkl £i+Je, ^kl 

35 

Figure 6 shows an example of weight coefficients. In Figure 6, * Indicates a position of a pixel which Is at 
present being processed. 

Next, the correction data X'lj is compared with the threshold value T (in this case, D max = 255, T = 127) 
by a binarising circuit 84. so that data Yij is output Yij is the data which was binarised into 1 s or Os. The binarised 
40 data is stored into an output buffer 87 and supplied to the display 15. 

On the other hand, the difference eij between the correction data X'lj and the data Y'ij, which is obtained 
by multiplying the data Yij output from the binarising circuit 84 by 255, is calculated by a calculator 85. The 
result from the calculator 85 is stored into an area at a position corresponding to a pixel position 88 in the error 
buffer memory 83. 

45 By repeating those operations, the binarisation due to the error diffusion method is executed. 

The pseud halftone processors 14-2 - 14-3 can be realised by the same construction as that of the pseud 
halftone processor 14-1 shown in Figure 5. 

The R'',G",B",W" binary data obtained by the binarising process of the pseud halftone processors 14-1 - 
14-4 are supplied to the display 15. 

50 Figure 7 shows the construction of the display 1 5. Line memories 41-1 - 41-4 store the R",G",B",W" binary 
data obtained by the pseud halftone process. A multiplexer 42 rearranges the R'',G".B",W'' binary data pixel 
by pixel, so as to arrange them in a data arrangement corresponding to that of the R,G3,W filters shown in 
Figure 2. Aframe memory 43 stores a frame of the R'',G",B",W'' binary data subjected to the rearrangement 
by the multiplexer 42. 

55 A display controller 44 reads out the R",G",B''.W" binary data from the firame memory 43, line by line, and 

supplies them to a shift register 45 in a serial manner. 

The display controller 44 also supplies control signals to a line memory 46, a driver 47 and a decoder 48. 
The shift register 45 supplies a line of the R",G'',B", W" binary data to the line memory 46 in parallel manner. 
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The line memory 46 supplies the R",G",B",W" binary data to the driver 47 as binary signals indicating ON/OFF 
states of a line of the liquid crystal cells. The driver 47 drives each of the liquid crystal cells of the liquid crystal 
display panel 50 in response to the R^.^.B^.W" binary data from the line memory 46. 

The decoder 48 indicates a line to be driven. A driver 49 sequentially drives the liquid crystal cells of the 
5 liquid crystal display panel 50, line by line. 

According to the above construction, each of 640x560 liquid crystal celts on the liquid crystal display panel 
50 assumes either the transparent state or the opaque state in response to the R^.G^^B^.W" data. Thereby, 
a full colour image represented by the R,G,B colour data is displayed on the liquid crystal display panel 50. 

As explained above, the white component is extracted from the input R,G,B colour data, and full colour 
10 image display data, i.e. Red, Green, Blue and White display data, are formed on the basis of the extracted 
white component. Then a full colour image is displayed by the liquid crystal display panel, on which white filters 
are provided in additton to red, green, blue filters, In accordance with the Red, Green, Blue and White display 
data. 

According to this embodiment, a full colour Image can be displayed with rich colours by using the liquid 
15 crystal display panel, each liquid crystal cell of which displays binary image. 

Besides, the pseud halftone process, such as an error diffusion method or an ordered dither process, is 
performed on the multi-level data representing a colour image, so as to obtain binary colour image data sub- 
jected to the pseud halftone process. 

According to this embodiment, a lull colour image can be displayed by using the liquid crystal display panel, 
20 each liquid crystal cell of which assumes two states. 

It will be appreciated that the combination of the pseud halftone process and the display may be used 
without the white filters. 

The liquid crystal display panel 50 will now be described in detail. 

Chiral smectic liquid crystal having ferroelectric property is particularly suitable as a liquid crystal material 
25 used forthe liquid crystal display panel 50. Specifically, chiral smectic C phase (SmC«), chiral smectic G phase 
(Sm G*), chiral smectic F phase (Sm F*), chiral smectic I phase (Sm I*) or chiral smectic H phase (Sm H*) 
liquid crystal may be used. Details of the ferroelectric liquid crystal are described in "Ferroelectric Liquid Crys- 
tals' Le Journal de Physique Letters 1975, No. 36 (L-69), "Submicro Second Bistable Electro-optic Switching 
in Liquid Crystals" Applied Physics Letters, 1980, No. 36 (11), and "Liquid Crystals'* Solid-State Physics of Ja- 
30 pan. 1981, No. 16(141). 

Specific examples of the ferroelectric liquid crystal compound are decyloxybenzylidene -p'-amino-2-me- 
thylbutylcinnamate (DABAMBC), hexyloxybenzylidene-p'-amino-2-chloropropyl cinnamate (HOBACPC), and 
4-0-(2-methyl) - butylresorcylidene -4'- octylaniline (MBRA 8). 

The ferroelectric liquid crystal which exhibits cholesteric phase at a temperature higher than that of chiral 
35 smectic phase liquid crystal is most preferable. For example, biphenylester liquid crystal which exhibits a phase 
transistion temperature. 

When the element is constructed by using one of those materials, the element may be supported by a 
copper block having a heater embedded therein in order to keep the element at a temperature at which the 
liquid crytal compound exhibits a desired phase. 

40 Figure 8 shows a cell to explain the operation of the ferroelectric liquid crystal. The Sm C* phase is as- 

sumed as the desired phase. 

Numerals 31 and 31 ' denote substrates (glass plate) covered by transparent electrodes made of thin films 
such as In203, Sn02 or ITO (indium-tin oxide), and Sm C* phase liquid crystal which is oriented such that a 
liqukJ crystal molecule layer 32 is normal to the glass plate is filled therebetween. Thick lines 33 represent the 

45 iiquki crystal molecules which form a continuous spiral structure in parallel with the substrate plane. An angle 
between a centre axis 35 of the spiral structure and an axis of the liquid crystal molecules 33 is represented 
by H. The liquid crystal molecules 33 each has a bipolar moment (PX) 34 orthogonally to the molecule. 

When a voltage higher than a predetermined threshold is applied between the substrates 31 and 31', the 
spiral structure of the liquid crystal molecules 33 is released and the liquid crystal molecules 33 may be reor- 

50 iented so that all the bipolar moments (PI) 34 are oriented along the electric field. The liquid crystal molecule 
33 is of elongated shape and a refractive index along a major axis and a refractive index along a minor axis 
are different. Thus, when polarisers which are cross-nlcol to each other are placed on the opposite sides of 
the glass plate, a liquid crystal optical element whose optical characteristic changes depending on a polarity 
of applied voltage is provided. 

55 The above mentioned liquid crystal cell may be very thin (for example, 10 (xm or less). As the liquid crystal 

layer is thinned, the spiral structure of the liquid crystal molecules Is released even under non-a plication of 
the electric field as shown in Figure 9, and the bipolar moment P or P' is oriented either upward (64) or down- 
ward (64'). One half of an angle between the molecule axis of the liquid crystal molecule 63 and a direction 
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63' Is called a tilt angle (H) which is equal to one half of an apex angle of a cone of the spiral structure. 

Electric fields E or E' of different polarity, which are higher than a predetermined threshold, are applied 
to such a cell by voltage application means 61 or 61' as shown in Figure 9. Thus, the bipolar moment Is reor- 
iented upward 64 or downward 64' in accordance with the electric field vector of the electric field E or E', and 
5 the liquid crystal molecules are oriented in either the first stable state 63 or the second stable state 63' 

There are two advantages in utilising the ferroelectricity as the liquid crystal optical element, as described 
above. 

First, the response speed is very fast, and secondly, the orientation of the liquid crystal molecule is bist- 
able. The second advantage is explained with reference to Figure 9. 
10 When the electric field E is applied, the liquid crystal molecule is oriented in the first stable state 63 which 
Is stable even after the electric field is removed. When the electric field E' of the opposite polarity is applied, 
the liquid crystal molecule is oriented in the second stable state 63' which is also stable even after the electric 
field is removed. 

The cell is preferably as thin as possible in order to effectively attain the fast response speed and the bist- 
15 ability. 

As explained above, according to the construction as shown in Figure 1, a colour image is displayed by 
using the liquid crystal display panel 50, on which white filters are provided in addition to red, green, blue filters. 
Accordingly, it is possible to display a full colour image with rich colours. 

However, when pixels having high brightness, such as white pixels, are sparsely dotted within dozens of 
20 pixels representing the same colour, such pixels are prominent as differential granules and lower the quality 
of the displayed image. 

For example, colours of low brightness, such as dark grey, dark red, dark green or dark blue, etc., contain 
a little white component. So the liquid crystal cells provided with white filters sparsely become ON state. Con- 
sequently, white pixels sparsely dot in the displayed image and the quality of the displayed Image may lower. 
25 However, the white component can beexpressed by thecomblnatlonof llquidcrystalcellsof lowbrightness 
which are provided with R,G,B filters. Instead of liquid crystal cells of high brightness which are provided with 
W filters. 

Accordingly, when the colour of low brightness, such as dark grey or dark red etc., in which white pixels 

may sparsely dot if the process expressed by the equation (1) is performed, is displayed, such colour should 
30 be displayed by the combination of liquid crystal cells which are provided with R,G,B filters without using liquid 

crystal cells which are provided with W filters. Thereby, white pixels do not dot in the displayed image and the 

deterioration of the image quality can be prevented. 

Alternatively, It Is not necessary to prevent the occurrence of the white pixels, when the colour of high 

brightness, of which the quality does not lower even if the process expressed by equations (1) is performed, 
35 is displayed. Accordingly, the colour of high brightness should be displayed by using liquid crystal cells which 

are provided with not only R,G,B filters but also W filters. Thus, a full colour image can be displayed with rich 

colours. 

In view of these circumstance, the W data, which is represented by the minimum value among the R,G,B 
colour data, is converted in accordance with a predetermined conversion characteristic. This conversion char- 
ge acteristic suppresses white component at the range where the amount of white component is relatively low. 
Then, the white component which is suppressed by this conversion is compensated by Increasing the amount 
of R,G,B components. 

The process for generating R',G',B',W' data from the R,G,B colour data by using a non-linear characteristic 
will now be explained with reference to Figure 10. 
45 In Figure 1 0(A), a minimum value among the R.G,B colour data (Min (R,G,B)) corresponds to a white com- 

ponent value. 

Then, the W data representing the white component value (Min (R,G,B)) is converted Into W' data In ac- 
cordance with the non-linear characteristic f(W) shown in Figure 10(B). The R'.B'.G' data are formed by sub- 
tracting the W' data representing white component subjected to the non-linear conversion firom the R,G,B col- 
50 our data, respectively, as expressed by equations (2). 
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wherein a is a non-linear conversion paranneter, with a suitable value being approximately 2.5. 

According to the process expressed by the equations (2), the amount of the white component represented 
by the W data decreases, in comparison with that represented by the W data, which is not subjected to the 
non-linear conversion. Then, the amount of each of the R,G,B components increases in response to the de- 
crease of the white component. 

For example, in Figure 10(B), when . represents the white component which is not subjected to the 

non-linear conversion, the white component is suppressed from to , inaccordance with the above 

non-linear conversion. The decrease of the white component ( ^ - y^ft ) is added to the R,G,B com- 
ponents, respectively, so as to compensate the fall in the brightness of the image to be displayed. 

Figure 11 shows a block diagram of an image processing apparatus having the function of suppressing 
the white component expressed by the equations (2). 

The image processing apparatus comprises a minimum value detector 11, a non-linear converter 12, sub- 
tractors 13-1 - 13-3, pseud halftone processors 14-1 - 14-4 and a display 15. The construction is the same as 
that shown in Figure 1 except the non-linear converter 12. 

The minimum value detector 11 detects a minimum value among the 8-bit R,G,B colour data and outputs 
the detected minimum value as W data. 

The non-linear converter 12 performs the non-linear conversion on the inputted Wdata in accordance with 
the non-linear characteristic f(W) shown in Figure 11 (B). Namely, the W data is subjected to the non-linear 
conversion which suppresses the white component at the range where the amount of the white component is 
relatively low. 

In this embodiment, the non-linear conversion is performed by using a look-up table stored in ROM or RAM 
which is included in the non-linear converter 12. 

Subtracters 13-1-13-3 subtract the W data obtained by the non-linear converter 12 from the R,G,B colour 
data, respectively, so as to form the R'.G'.B' data expressed by the equations (2). 

Thus formed R',G',B',W' data are subjected to the pseud halftone process by the pseud halftone proces- 
sors 14-1 - 14-4, respectively, to obtain binary driving data, i.e. R",G",B",W" data which drive the liquid crystal 
cells provided with the R,G,B,W filters. The R'',G",B",W" data are supplied to the display 15. 

As explained above, the white component, which is extracted from the R,G,B colour data for displaying 
the white pixels, Is subjected to the non-linear conversion, so as to suppress the white pixels to be displayed 
by using the liquid crystal cells on which the W filters are provided. 

Accordingly, in the case where a colour image having low brightness is displayed, the white pixels do not 
sparsely dot and the deterioration of the image quality can be prevented. 

Moreover, a colour Image having high brightness is displayed by using the liquid crystal cells on which not 
only the R,G,B filters but also the W filter are provided, so it can be displayed with rich colours. 

On the other hand, various conversion characteristics other than the non-linear characteristic shown in 
Figure 1 0(B) may be adopted to suppress the white pixels which are displayed by the liquid crystal cells having 
the W filters, when the colour having low brightness is displayed. 
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For example, a conversion characteristic shown In Figure 10(C) may be adopted. This conversion is ex- 
pressed by the following equations (3) 

W = 0 if w < C (3) 

W if W > C (^>1) 

10 ^ 

According to the conversion expressed by the equations (3), when the white component value is equal to 
or less than a predetermined value C, the white component value is changed into"0", so as to display the colour 
having low brightness without using the liquid crystal cells having the W filters. 
15 When the white component value is more than the predetermined value C, the colour is displayed by using 
the liquid crystal cells having the W filters in accordance with the annount of the white component. 

Needless to say, the predetermined value C may be set for a suitable value in consideration of the display 
characteristic of the liquid crystal display panel and so on. 

In the image processing apparatus shown in Figure 10, the decrease of the white component due to the 
20 non-linear conversion is added to the R,6,B components, so as to compensate for the fall in the brightness 
of the image to be displayed. However, it is possible that the fall In the brightness cannot be compensated by 
means of the above simple algorithm because the light transparent characteristics of the liquid crystal cells 
and the colour filter thereon are not constant. 

Moreover, the non-linear characteristic to obtain the W data expressed by the equations (2) can be merely 
25 modified by the changing the non-linear conversion parameter a. Therefore, the nmdif ication of the non-linear 
characteristic cannot be changed freely, as it is difficult to adjust the conversion characteristic to the charac- 
teristics of the display and the input colour data. 

In view of these circumstances, the W data is obtained by the arithmetic operation dependant on the value 
WO which Is a minimum value among the R,G,B colour data and the value W1 which is obtained by non-linear 
30 converting the minimum value WO. Namely, the W' data is obtained by using the equations (4). 



WO = Min (R,G,B) 
^ Wl = 255 X /_W0„ (0C>1) (4) 

V 255 / 

W =:yW0 + ^ Wl (V ,^>1) 

40 

According to the non-linear conversion expressed by the equations (4), the non-linear conversion char- 
acteristic can approximate to the optimum conversion characteristic easily and the quality of the displayed im- 
age can be improved. 

Figure 1 2 shows a block diagram of another image processing apparatus having the function of suppress- 
45 ing the white component expressed by the equations (4). 

The image processing apparatus comprises a minimum value detector 11 , a non-linear converter 12, pseud 
halftone processor 14-1 - 14-4 and a display 15, which are similar to those shown in Figure 1 and Figure 11. 
In Figure 12, a matrix unit 16 is provided Instead of the subtracters 13-1 - 13-3 shown in Figure 1 and Figure 

11. 

50 The minimum value detector 11 detects a minimum value among the R,G,B colour data and outputs the 
detected minimum value as WO data. 

The non-linear converter 12 performs the non-linear conversion on the inputted WO data in accordance 
with the non-linear characteristic f(W) shown in Figure 10 (B) and outputs the W1 data. 

The WO data and W1 data are supplied to the matrix unit 16 together with the R.G,B colour data. 
55 The matrix unit 16 performs a matrix operation expressed by the equation (5) on the R,G,B colour data 

and the WO,W1 data to obtain the R',G',B',W' data for displaying a colour image. 
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If "0" is substituted for the matrix parameters a41, a42, a43, and " and are substituted for the 
matrix parameters a44 and a45, respectively, the arithmetic operation expressed by the equations (4) can be 
carried out. 

Alternatively, if the appropriate values are substituted for the matrix parameters a41, a42, a43, a44, a45, 
the W data representing the white component can be obtained In consideration with not only the white com- 
ponent (W0,W1) but also the R,G,B colour data. 

Namely, if those parameters are set in view of the characteristics In colour or brightness of the display, 
the colour can be displayed suitably. 

Moreover, by altering the values of the matrix parameters a11 - a35 which are used for obtaining the 
R',G',B' data, the colour displayed on the basis of the R,G,B colour data can be modified. Therefore, by sub- 
stituting appropriate values for these fifteen parameters, the colour to be displayed on the basis of the R,G,B 
colour data can be suitable. 

The R',G'.B',W' data from the matrix unit 16 are subjected to the pseud halftone process by the pseud 
halftone processors 14-1 - 14-4, respectively, to form binary driving data, i.e. R", G", B", W" data which drive 
the liquid crystal cells provided with the R,G,B,W filters. The R",G",B",W" data are supplied to the display 15. 

As explained above, the white component is suppressed by using the suitable conversion characteristic, 
so the white pixels can be definitely prevented from dotting in the image having low brightness. 

Moreover, the matrix operation is used, so colour correction, for example, the correction of the difference 
between the colour defined by the R,G,B colour data and the colour actually displayed on the basis of the 
R,G3 colour data can be carried out as well as the suppressing of the white pixels. Accordingly, the colour 
displayed can be more suitable. 

Alternatively, if the matrix parameters are changeable, the colour conversion or the colour adjustment can 
be carried out by changing the matrix parameters. 

In the embodiments described above, the pseud halftone processors 14-1 - 14-4 are provided correspond- 
ing to the R,G,B,W colours, respectively, and the pseud halftone process, such as an error diffusion method, 
is performed on each colour. 

Alternatively, another process, which quantises the four-dimension space defined by the R,G,B,W data, 
to convert it into one of the sixteen states shown in Figure 6 and diffuses the error generated by the quanti- 
sation into pixels to be processed later, may be adopted as the pseud halftone process. 

In the embodiments,the display is composed of liquid crystal cells each of which displays a binary image. 
However, a display device, which Is composed of liquid crystal cells or other display elements each of which 
can display an image having more than two multi-levels may be used. In this case, a multi-level pseud halftone 
process may be adopted as the pseud halftone process. 

Moreover, other types of display devices, such as a cathode-ray tube or a light-emitting diode display, may 
be used Instead of the liquid crystal display disclosed In the embodiments. 

Instead of the R,G,B colour space signals, other colour space signals, such as YMC (yellow, magenta, 
cyan), L^a^b*, YIQ, may be easily adopted as colour data representing a colour image to be displayed. 

Such colour data may be supplied from an image scanner which can read a colour image, a colour video 
camera or a still video camera as well as the host computer. 

It will be appreciated that the combination of pseud halftone processors and display may be used without 
the white filters. 

It will be appreciated that in pseud halftone processing the "number" or "rate" of pixels corresponds to the 
ratio of activated pixels in a unit area, these activated pixels being transparent liquid crystal cells in the case 
of a ferroelectric liquid crystal display. 

The present invention was explained above in reference to a few preferred embodiments, but needless to 
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say, the present invention is not limited to these embodiments but various modifications and changes are pos- 
sible. 



5 Claims 

1. Image processing apparatus, comprising: 

extraction means for extracting white component data from colour data representing a colour Im* 

age; 

10 generating means for generating colour display data on the basis of the colour data and the white 

component data, the colour display data including white display data; and 

display means for displaying a colour Image In accordance with the colour display data, said display 
means displaying white pixels in accordance with the white display data. 

15 2. Apparatus according to claim 1 , wherein said display means further displays red, green and blue pixels. 

3. Apparatus according to claim 1, wherein said display means has a liquid crystal display panel which Is 
composed of a plurality of liquid crystal cells. 
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Apparatus according to claim 3, wherein said liquid crystal display panel Is composed of ferroelectric liquid 
crystal. 

5. Apparatus according to claim 1 , wherein said extraction means extracts a minimum value among the col- 
our data as the white component data. 

6. Apparatus according to claim 5, wherein said extraction means detects a minimum value among red, green 
and blue data included in the colour data. 

7. Apparatus according to claim 1, wherein said generating means generates the colour display data by re- 
moving the white component data from the colour data. 

30 

8. Apparatus according to claim 7, wherein said generating means subtracts the white component data from 
red, green and blue data included in the colour data. 

9. Image processing apparatus, comprising: 

^ extraction means for extracting white component data from colour data representing a colour im- 

age; 

suppressing means for suppressing the white component data; 

generating means for generating colour display data on the basis of the colour data and the sup- 
pressed white component data; and 
^ display means for displaying a colour image in accordance with the colour display data. 

10. Apparatus according to claim 9, wherein said display means displays white pixels In accordance with the 
colour display data. 



45 



11. Apparatus according to claim 1 0, wherein said display means further displays red, green and blue pixels. 

12. Apparatus according to claim 9, wherein said display means has a liquid crystal display panel which Is 
composed of a plurality of liquid crystal cells. 

13. Apparatus according to claim 12, wherein said liquid crystal display panel Is composed of ferroelectric 

50 liquid crystal. 

14. Apparatus according to claim 9, wherein said suppressing means suppresses the white component data 
In accordance with a non-linear characteristic. 

^ 15. Apparatus according to claim 9, wherein said extracting means extracts a minimum value among the col- 
our data as the white component data. 

16. Apparatus according to claim 15, wherein said extraction means extracts a minimum value among red, 
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green and blue data included in the colour data. 

17. Apparatus according to claim 9, wherein said generating means generates the colour display data by re- 
moving the suppressed white component data from the colour data. 

5 

18. Apparatus according to claim 17, wherein said generating means subtracts the suppressed white com- 
ponent data from red, green and blue data included in the colour data. 

19. Image processing apparatus, comprising: 

input means for inputting multi-level colour data representing a colour image; 

pseud halftone processing means for performing on the multi-level colour data a pseud halftone 
process to express a halftone Image by controlling the rate of pixels in a unit area; and 

display means for displaying a colour Image In accordance with the colour data subjected to the 
pseud halftone process. 

20. Apparatus according to claim 19, wherein said display means is composed of a plurality of display ele- 
ments, each of which displays binary Image. 

21. Apparatus according to claim 1 9, wherein said display means has a liquid crystal display panel which con- 
sists of a plurality of liquid crystal cells. 

20 

22. Apparatus according to claim 21, wherein each of said liquid crystal cells displays binary image. 

23. Apparatus according to daim 21, wherein said liquid crystal display panel is composed of ferroelectric 
liquid crystal. 

25 

24. Apparatus according to claim 19, wherein said pseud halftone processing means performs the pseud half- 
tone process in accordance with an error diffusion method. 

25. Apparatus according to claim 19, wherein the multi-level colour data Includes white display data, and said 
^ di.splay means displays white pixels in accordance with the white display data subjected to the pseud 

halftone process. 

26. Image processing method, comprising: 

extracting white component data from colour data representing a colour image; 
generating colour display data on the basis of the colour data and the white component data, the 
^ colour display data including white display data; and 

displaying a colour image In accordance with the colour display data, the colour image comprising 
white pixel in accordance with the white display data. 

27. Method according to claim 26, wherein the colour image Is displayed by using red, green, blue and white 
^ pixels. 

28. Method according to claim 26, wherein the colour image Is displayed by a liquid crystal display panel which 
Is composed of a plurality of liquid crystal cells. 

45 29. Method according to daim 28, wherein the liquid crystal di.splay panel is composed of fenroeiectric liquid 
crystal. 

30. Method according to daim 26, wherein a minimum value among the colour data is extracted as the white 
component data. 

50 

31. Method according to claim 30, wherein the minimum value among red; green and blue data included in 
the colour data is extracted as the white component data. 

32. Method according to claim 26, wherein the colour display data are generated by removing the white com- 
ponent data from the colour data. 

55 

33. Method according to daim 32, wherein the colour display data are generated by subtracting the white com- 
ponent data from red, green and blue data induded in the colour data. 



11 



EP 0 541 295 A2 



34. Image processing method, comprising: 

extracting white component data from colour data representing a colour image; 
suppressing the white component data; 

generating colour display data on the basis of the colour data and the suppressed white component 
5 data; and 

displaying a colour image in accordance with the colour display data. 

35. Method according to claim 34, wherein the colour image Is displayed by using red, green, blue and white 
pixels. 

10 

36. Method according to claim 34, wherein the colour Image is displayed by a liquid crystal display panel which 
is composed of a plurality of liquid crystal cells. 

37. Method according to claim 36, wherein the liquid crystal display panel is composed of ferroelectric liquid 
crystal. 

38. Method according to claim 34, wherein the white component is suppressed in accordance with a non-lin- 
ear characteristic, 

39. Method according to claim 34, wherein a minimum value among the colour data is extracted as the white 
20 component data. 

40. Method according to claim 39, wherein the minimum value among red, green and blue data included in 
the colour data is extracted as the white component data. 

25 41. Method according to claim 34, wherein the colour display data are generated by removing the suppressed 
white component data from the colour data. 

42. Method according to claim 41, wherein the colour display data are generated by subtracting the sup- 
pressed white component data from red, green and blue data included in the colour data. 

30 

43. Image processing method, comprising: 

inputting multi-level colour data representing a colour image; 

performing on the multi-level colour data a pseud halftone process to express a halftone image 
by controlling the rate of pixels in a unit area; and 

displaying a colour Image in accordance with the colour data subjected to the pseud halftone proc- 

35 

ess. 

44. Method according to claim 42, wherein the colour image is displayed by a plurality of display elements, 
each of which displays a binary image. 

^ 45. Method according to claim 43, wherein the colour image is displayed by a liquid crystal display panel which 
Is composed of a plurality of liquid crystal cells. 

46. Method according to daim 45, wherein each of said liquid crystal cells displays a binary image. 

45 47. Method according to claim 45, wherein said liquid crystal display panel is composed of ferroelectric liquid 
crystal. 

48. Method according to claim 43, wherein the pseud halftone process Is performed in accordance with an 
error diffusion method. 

^ 49. Image processing apparatus, comprising: 

input means for inputting colour data representing a colour image; 

processing means for processing the colour data to produce colour display data; and 

display means for displaying a colour image on the basis of the colour display data; 

characterised In that said display means displays the colour Image using a plurality of two level 

pixels, 

and that said processing means produces the colour display data which expresses halftone images 
by using the plurality of two level pixels. 
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Apparatus according to claim 49, wherein said processing means comprises: 

extraction means for extracting white component data from the colour data; and 

generating means for generating colour display data on the basis of the colour data and the white 

component data, the colour display data including white display data, 

and said display means displays white pixels In accordance with the white display data. 

Apparatus according to claim 49, wherein said processing means comprises: 

pseud halftone processing means for performin on the colour data a pseud halftone process to 
express a halftone image by controlling the number of pixels in a unit area. 
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